Background: Acute Pancreatitis (AP) is characterized by a severe inflammation, associated with premature activation of pancreatic digestive enzymes, cytoplasmic vacuolization, and infiltration of inflammatory cells into the pancreas. Medical therapy remains the principal option for treating AP. However, there is no specific effective drug to treat it.
Introduction
ACUTE Pancreatitis (AP) is a disease that varies and ranges from a mild and localized self-limiting disease to widespread and fatal multi-organ failure that may lead to death. Mild pancreatitis includes inflammation and edema but with the addition of necrosis and secondary injury to organs other than pancreas is considered to be severe pancreatitis [1, 2] . No pharmacologic therapy is currently available to limit the disease and its progression inspite of its increased incidence [3] . Pancreatitis treatment is mainly supportive with the addition of organ supportive measures and antibiotics when organ failure [4] or infected necrotic pancreatitis occur [5] respectively. Pancreatic edema and necrotic process of AP occur due to apoptosis by the participation of Oxygen Free Radical (OFR) in acinar cells [6] . Also, OFR are involved in pain which represents an important clinical symptom of AP [7] that directly attacks biological membranes mainly lipids and proteins disrupting their functions by lipid oxidation and protein modification of the pancreatic cell membrane, depolarizing the mitochondrial membrane, and inducing fragmentation of DNA [8] . Inflammatory response in AP is represented mainly by circulating cytokines or chemokines that produce their effects through receptors on cell surface. They interpose the inflammatory process by stimulation of enzymes as inducible Nitric Oxide Synthase (iNOS) and cyclooxygenase-2 so by their inhibition local and systemic injury induced by the main proinflammatory leukocytes are limited [9] . Pathogenesis of acute pancreatitis involve both Reactive Nitrogen Species (RNS) and Reactive Oxygen Species (ROS) by two-fold through acting on biomolecules including lipids, proteins, and nucleic acids directly leading to their oxidation in cell membrane producing pancreatic cells disintegration and necrosis. In addition to their role as secondary messengers in intracellular signaling initiating proinflammatory cascades [10] .
Also, acute phase of pancreatitis strongly changes gene expression which could either help the pancreas by self-protection from an acute attack or on the opposite, take part in the mechanism of the disease. Therefore, new strategies in the treatment of the disease could de discovered by identifying the genes involved in cell response [11] . The mechanism by which arginine causes pancreatitis is not exactly known. There are many suggested mechanisms that oxygen free radicals [12] , nitric oxide [13] , inflammatory mediators [14] all have an essential role in the development of such disease. Autophagy is an essential process for normal cell homeostasis. It is being considered as one of the cellular defense against increased oxidative stress as well as other diverse cell stress conditions [15] . Autophagy has been reported to regulate oxidative stress and inflammation signaling and formation [16] . Dysregulated autophagy might promote the inflammatory response in the pancreas [17] . L-Carnitine (LC) is an amino acid-like molecule that plays an active role in transporting fatty acids and producing Acetyl CoA in mitochondrial matrix for (3 -oxidation to provide energy which is needed for metabolism. It has better effects on cell injury studied in many researches [18] . As an antioxidant, acetyl l-carnitine most probably protects tissues from oxidative stress by stabilizing cell membranes, leaving them more resistant to free radicals, may be by enhancing the repair of the phospholipid bilayer destroyed by oxidant stress, rather than as a direct scavenger of free radicals or decreasing their generation [19] .
From the previous information, this study has been attempted to identify the main mechanisms by which L-arginine-induced AP, declare the role of L-carnitine at different doses as an inhibitor of inducible nitric oxide synthase, also on Beclin reduction as a marker of autophagy in addition to identify the correlation between antioxidants to Beclin and iNOS.
Material and Methods

Animals:
Thirty healthy adult male albino rats (Rattus rattus) weighing 200-220gm were involved in this study. Rats were bred in the Animal House at Kasr El-Aini, Faculty of Medicine, Cairo University from April 2017 -April 2018, and divided into 5 groups. Each group of rats was housed in a cage at ordinary room temperature, humidity, natural daily light dark cycle, and fed with the standard diet which is rodents' pellets and clean water. The rats were left for an initial adaptation period for at least one week before subjecting them to the experimental manipulation(s). All the experiments were done between 09.00a.m. and 04.00p.m. and were conducted according to the regulations of the Institutional Animal Care and Use (IACUC) Cairo University. 
Drugs:
Experimental design:
The rats were divided into 5 groups (6 rats each) and subjected to the study for one week after injection of arginine: The first and the second groups (negative and positive control group respectively): Provided with normal saline and L-arginine at a dose of (200mg/100g intraperitoneal twice at an interval of 1h) were used respectively [20] . The other three groups were given l-arginine and then treated after injection as follows: The third, fourth, fifth groups were treated with L-carnitine at different doses (100mg/kg [21] , 300mg/kg [22] , 500mg/kg [23] injected once daily intraperitoneally for one week.
Estimation of pancreatitis pharmacologically:
1-Blood pressure measurement: Systolic Blood Pressure (SBP) of each rat was measured before and after pancreatitis induction. It was determined using non-invasive blood pressure methodology in conscious rats [24] . Exposure to arginine tends to elevate SBP after the tests, so difference between measurements before and after the tests was recorded [25] for each rat, SBP values were calculated as the mean of a minimum of three measurements. Then % change in blood pressure was calculated as follows: % change of blood pressure = (Systolic blood pressure after tests in mmHg -Systolic blood pressure before tests in mmHg)/Systolic blood pressure before tests in mmHg X 100.
2-Pancreas to body weight ratio: The pancreas was removed immediately after scarification, trimmed of fat and weighed. The pancreatic weight/body weight ratio (mg/g) was calculated for each animal to estimate the level of pancreatic edema [26] .
Biochemical estimation: 1-Estimation of serum amylase: Amylase activity was estimated in serum, using a commercially available kit according to the manufacturers' protocols.
2-Measurement of reduced glutathione (GSH):
It depends on the reduction of 5, 5 dithiobis (2nitrobenzoic acid) (DTNB) with reduced glutathione (GSH) producing a yellow compound. The reduced chromogen is directly proportional to GSH concentration so its absorbance was measured at 405nm by using its kit [27] .
3-Measurement of Malondialdehyde (MDA):
To measure its concentration, 100mg of the pancreatic tissue was homogenized in 1mL PBS, pH 7.0 with micro pestle. 20% Trichloroacetic Acid (TCA) was added to pancreatic homogenate precipitating the protein, and then centrifuged. Thiobarbituric Acid (TBA) solution was added to the supernatants after their collection, then was boiled for 10 minutes in water bath, then the absorbance was measured. Concentration of MDA in supernatants of pancreatic homogenate was calculated using the standard curve [28] .
4-Quantitative analysis of gene expression of Beclin by real time PCR.
RNeasy purification reagent (Qiagen, Valencia, CA) was used to extract from the pancreatic tissue homogenate according to manufacturer's instruction. The RNA concentrations and purity were measured with an ultraviolet spectrophotometer. cDNA was generated from 5 µ g of total RNA extracted with 1 µ l (20pmol) antisense primer and 0.8µ l superscript AMV reverse transcriptase for 60min at 37ºC. Real-time qPCR amplification and analysis were performed using an Applied Biosystem with software version 3.1 (StepOneTM, USA). Reaction contained SYBR Green Master Mix (Applied Biosystems), gene-specific primer pairs which were shown in (Table 1) , cDNA and nuclease-free water. With cycling conditions (10min at 95ºC followed by 40 cycles of 15s at 95ºC and 60s at 60ºC).
Data were analyzed with the ABI Prism sequence detection system software and quantified using the v1.7 Sequence Detection Software from PE Biosystems (Foster City, CA). Comparative threshold cycle method was used to calculate relative expression of studied gene. All values were normalized to the GAPDH being the control housekeeping gene. [29] .
B-Immunohistochemical staining for iNOS:
The staining was done according to Bancroft and Cook using a mouse monoclonal antibody (Novocastra Lyphilized Corporation laboratories, UK, catalogue number GTX3 1048) [30] . Deparaffinization of paraffin sections were done in xylene for 1~2 minutes and then rehydrated in descending grades of ethanol then were put into distilled water for 5 minutes. Hydrogen peroxide was used to incubate sections for 30 minutes then rinsed in PBS (3 times, 2 minutes each). Then each section was incubated with 2 drops (=100 µ l) of the primary antibody CD34 Ab-1, Clone QBEnd/10 (Lab Vision Corporation Laboratories, CA 94539, USA, catalogue number MS-363-R7) for 60 minutes. Slides were rinsed well in PBS (3 times, 2min. each), incubated for 20 minutes with 2 drops of biotinylated secondary antibody for each section then rinsed well with PBS. Each section was incubated with 2 drops (100µ l) enzyme conjugate "streptavidinhorseradish peroxidase" for 10 minutes at room temperature then washed in PBS. Substratechromogen (DAB) mixture 2 drops was applied to each section and incubated at room temperature for 5~10min. Then rinsed well with distilled water. Slides were counterstained with Meyer's hematoxylin, dehydrated and mounted. iNOS immunopositivity appeared as cytoplasmic brown deposits in the affected pancreatic acinar and ductal cells. All steps were performed in a humidity chamber to prevent drying of the tissues without a specific background.
2-Histopathologic pancreatic damage score: Score of pancreatic damage were calculated with a maximum of 12 by grading acinar cell degeneration, interstitial inflammation, edema, and hemorrhage. The standards were modified as follows: 1. Acinar cell degeneration: 0, absent; 1, focal (5%); 2, and/or sublobular (20%); 3, and/or lobular (20%). 2. Inflammation was scored as: 0, absent; 1, mild; 2, moderate; 3, severe. 3. Grading for edema was scaled as 0, absent; 1, edema in the interlobular space; 2, edema in the intralobular space; 3, edema in pancreatic acini. 4. Parenchymal hemorrhage was scored as: 0, absent; 1, mild; 2, moderate; 3, severe [31] .
3-Histomorphometric study: Data were obtained using "Leica Qwin 500C" Image Analyzer Computer System Ltd. (Cambridge, England). Mean area percent of iNOS immunopositive cells were measured in all immunostained pancreas sections. From each section 10 non-overlapping fields were examined using an objective lens X 10 (=total magnification X100) and the mean value for each slide was obtained.
Statistical methods:
Data was coded and entered using the statistical package SPSS (Statistical Package for the Social Science) [IBM Inc., the USA] Version 21. Numeric data were examined for normality and were presented as median and quartiles. Groups were compared using the non-parametric Mann Whitney test. Spearman rank correlation was used.
A probability level of less than or equal 0.05 was considered statistically significant [32] .
Results
Pharmacological results: 1-Effect of L-arginine on % change of systolic blood pressure and pancreatic weight: % change of SBP and pancreatic weight increased significantly in L-arginine treated group compared to control group (p<0.05) ( Table 2) , Fig. (1) . Fig. (1) .
Biochemical results:
The serum amylase level was significantly increased in the AP group compared to the control group (p<0.05), all treated groups showed significant decrease in the serum amylase level compared to diseased group with non-significant difference between all treated groups Fig. (2) , L-arginine significantly increased MDA level together with decreased the pancreatic tissue GSH compared to the control group (p<0.05). Treatment with Lcarnitine significantly decreases pancreatic tissue MDA together with increased pancreatic GSH compared to the diseased group (p<0.05) Figs. (3, 4) respectively. Beclin gene expression was significantly increased in the acute pancreatitis group compared to the control group (p<0.05). Treatment with L-carnitine with different doses significantly decrease the beclin gene expression compared to the pancreatitis group (p<0.05) ( Table  3) , Fig. (5) .
Correlation between serum amylase in all rats
to systolic blood pressure, GSH, MDA, Beclin, and area of iNOS.
There was a significant positive correlation between the level of serum amylase and systolic blood pressure, GSH, MDA and area of iNOS, while there was a significant negative correlation between the level of serum amylase and expression of beclin gene (Table 4 ).
Histological results:
1-Hematoxylin and Eosin stained pancreatic sections: Control group revealed normal structure of the pancreas with different sizes and shapes of the pancreatic lobules which were formed of closely packed acini separated from each other by thin connective tissue septae. The acinar cells were pyramidal in shape with basal rounded vesicular nuclei and prominent nucleoli. The cytoplasm of acinar cells showed basal basophilia and apical acidophilia (Photo 1A).
While Group II and Group III revealed marked disorganization of exocrine pancreas with swelling and cytoplasmic vacuolations of pancreatic acinar cells and hyperplasia of some ductal cells. Nuclei were small & darkly stained with condensed chromatin. There was edema with inflammatory cellular infiltrate among degenerated acini (Photo 1B,C). Sections of Group IV showed moderate distortion and pyknosis of some acinar cells (Photo 1D). On other hand, Group V showed a structure nearly similar to that of the control group. However, few acinar cells appeared with vacuolated cytoplasm and pyknotic nuclei (Photo 1E). Table  2) : Sections of control group showed weak immunoreactivity (Photo 2A). While sections of Group II and Group III revealed widespread severe immunoreactivity in the form of brown cytoplasmic granules that were detected in cells of the pancreatic acini (Photo 2B,C). Group IV revealed moderate to dense cytoplasmic immunoreactivity that was detected in pancreatic acinar cells (Photo 2D). Group V revealed mild localized immune reaction (Photo 2E).
2-Anti-iNOS stained pancreatic sections (
3-Histopathologic pancreatic damage score:
Histopathological features of the pancreas were performed according to the standards of Schmidt pancreatitis score (Table 5 ).
Photo (1) 
Discussion
Acute Pancreatitis (AP) is an inflammatory disease that is characterized by being acute, reversible, and can affect several organs [33] . In the current study, L-carnitine at different doses was injected intraperitoneally to detect the mechanisms by which it could ameliorate acute pancreatitis in L-arginine treated rats as indicated by decreased activities of a -amylase in plasma and lessened edema in pancreatic parenchyma. These parameters are the primary indicators for an effective therapeutic intervention [34] .
Our results revealed a significant increase of the level of serum amylase and pancreatic tissue MDA in the AP group compared to the control group, while pancreatic tissue GSH level was significantly decreased in the AP group.
Treatment with L-carnitine at different doses causes decreased level of serum amylase and pancreatic tissue MDA, while increased pancreatic tissue GSH level.
During AP, amylase is released from its acinar cells so its increased level in the serum is used for confirmation of the diagnosis [35] .
In the present work L-carnitine effect on serum amylase activity may be due to its powerful antioxidant effects, Oxidative stress influenced the pathogenesis of AP [36] where the process of lipid peroxidation occurs by a chain of free radical reactions with polyunsaturated fatty acids which lead to membrane lipid breakdown into lower molecular weight fragments such as ketones, hydrocarbons, and epoxides. So, a biomarker for oxidative stress was proposed to estimate lipid peroxidation. MDA formation is the most important oxidation by-product of lipid breakdown which can represent the extent of lipid peroxidation in many organs [37, 38] while GSH acts as a major buffer to keep the cellular redox status in balance so it plays an important role in the antioxidant defense of the cells with a significant scavenging activity against the free oxygen radicals [39] .
L-Carnitine could be a good antioxidant by its effect on free radicals (superoxide anion radical and hydrogen peroxide) by interfering with the reactive oxygen species formation and chelating the metal ferrous ions [40] . In addition to being an important cofactor of Carnitine Palmitoyltransferase 1 (CPT1), that allows the transport of fatty acid into mitochondria and their incorporation of long chain fatty acids into the (3 -oxidation cycle to obtain acetyl-CoA [41, 42] , then these substances enter the Tricarboxylic Acid (TCA) cycle to produce Adenosine Triphosphate (ATP). The synthesis of ATP consumes a large amount of oxygen, which is reduced to water at the end of the TCA cycle. So, oxygen concentration decreases which in turn decreases reactive oxygen species formation [43] .
In the present work, there was a significant increase in quantitative Beclin gene expression in the acute pancreatitis group compared to the control group. Treatment with L-carnitine with different doses significantly decrease the Beclin gene expression compared to the pancreatitis group.
Autophagy dysfunction is involved in the pathogenesis of AP in addition to other human diseases [44] which is represented mainly by accumulation of large autophagic vacuoles in pancreatic acinar cells [45] . AP impairs autophagic flux which mediates formation of acinar cell vacuole, activation of trypsinogen and cell death [46] . Vacuole Membrane Protein 1 (VMP1) interacts with Beclin1, an essential regulator of autophagy and apoptosis to initiate autophagosome formation in AP which was elevated [47] . This was emphasized by the presence of Beclin 1 during induction of autophagy in the vacuoles which was colocalized with VMP 1 in its membrane in vivo. L-carnitine stabilizes cell membranes of zymogen granules against free radicals and enhances the repair of phospholipid bilayer dysfunction that resulted from free radicals' attack [48] . This was opposed by another study that indicated that expression of (VMP1) mediates "zymophagy", a selectively autophagic pathway to remove zymogen granules, and prevents the death of acinar cell of the pancreas [49] .
Light microscopic examination of pancreatic sections from both Group II and Group III showed severe damage of the exocrine pancreas caused by L-arginine induced acute pancreatitis leading to severe necrosis of acinar and ductal cells with massive edema and cellular infiltration. Also, there was significance increase of iNOS reactivity indicating high state of injury by oxidative stress. Authors proved that l-arginine induces an increase in iNOS activity that results in high tissue levels of nitric oxide which in turn causes a direct toxic effect on the pancreas specifically its acinar cells [50] . In this work, L-carnitine therapy with higher doses such in Groups IV & V significantly reduces the total histopathological pancreatitis' score. This may be due to its anti-inflammatory and the antioxidant effect. L-carnitine significantly reduced pancreatic iNOS activity. This may be attributed to ROS scavenging effect of L-carnitine in addition to its direct inhibitory effects on nitric oxide [51] also it may decrease the translocation of bacteria from gut into pancreas thus decreasing septic complications and mortality in acute pancreatitis [52] .
Conclusion:
In our experiment, we have observed the role of Beclin and inducible nitric oxide in acute pancreatitis and the efficacy of L-carnitine with increasing doses to decrease Beclin level and inducible nitric oxide synthetase in acute pancreatitis induced by L-arginine which in turn determines the interrelation of Beclin and inducible nitric oxide with antioxidants. This may partly explain why L-carnitine could be efficient in treatment of acute pancreatitis.
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